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ABSTRACT 



In a first clinical trial, 45 patients with advanced ovarian carcinoma and recurrences were treated with the 
murine monoclonal anti-idiotypic antibody (Ab2) designated ACA125 for active immunotherapy. The mono- 
clonal antibody (MAb) ACA125 mimics a specific epitope of the tumor-associated antigen CA125 expressed 
by most malignant ovarian tumors. Patients witti CA125-positive tumors are immunologically tolerant to 
CA125, which could be overcome by the use of an anti-idiotypic antibody as a surrogate for the tumor anti- 
gen CA125. An immunological response to the anti-idiotype ACA125 in these patients was associated with a 
statistically significant survival prolongation. Humoral immunity to ACA125 was assessed by induction of 
anti-anti-idiotypic antibodies (Ab3) directed against CA125. Using flow cytometric detection methods we ob- 
serve alterations of the intracellular cytokines IFN-y, IL.2, and IL.4 at the single-ceU level during the course 
of immunization. There was a strong increase of intracellular IFN-y and IL-2 characteristic for a Thl cell 
type immune response after treatment with ACA125. A delayed induction of Th2 type response, which pro- 
motes antibody-mediated immunity by B cells, could also be detected. The understanding of the kinetics of 
Thl and Th2 responses could be important to improve treatment schedules for effective unmunotherapy with 
anti-idiotype vaccines. 



INTRODUCTION 

OVARIAN CANCER represents the fourth most common cause 
of death in women and the leading cause of gynecologi- 
cal cancer death in the United States/*> Approximately 80% of 
the ovarian cancer cases will be detected in advanced stages 
and 60% of all ovarian cancer patients suffer from tumor masses 
larger than 10 cm at the time of primary therapy. Whereas early 
tumor stages show survival rates between 80% (for stage 1) and 
20-45% (for stage 2), 5-year survival rates for advanced stages 
of disease (FIGO stages 3 and 4) with spread of tumor masses 
in the peritoneal cavity and/or lymph node metastases (3a-c) 
or distant metastases like lung or intrahepatic metastases (4) are 
not higher than 10%/*^ 

Despite an increased extent of radical surgery and intensifi- 
cation of polychemotherapy, cure rates could only be margin- 



ally increased. Therefore, the establishment of new therapeutic 
strategies including adjuvant immunotherapy should be con- 
sidered.^^* 

A new concept of active inmiunotherapy of ovarian carci- 
noma implicates the transformation of a critical epitope of the 
tumor-associated antigen CA125 expressed in over 80% of 
ovarian cancer into idiotypic determinants of an antibody; thus 
breaking the immunological tolerance to this antigen. Accord- 
ing to the idiotypic network approach by N. Jeme, such anti- 
idiotypic antibodies (Ab2) that bind to the antigen-combining 
site of anti-tumor antibodies (idiotypic antibody, Abl) func- 
tionally imitate the tumor-associated antigen defined by the 
Abl.*^^ Immunization with an anti-idiotypic antibody leads to 
the induction of anti-anti-idiotypic antibodies (Ab3) directed 
against the tumor-antigen.t'*-** in addition, Ab2 themselves, 
when processed with major histocompatibility complex (MHO) 



^Center of Obstetrics and Gynecology, ^institute of Qinical Biochemistry, University of Bonn, Germany. 
^Center of Obstetrics and Gynecology, University of Ttibingen, Germany. 
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molecules on antigen-presenting cells (APC) after the forma- 
tion of so-called "idiopeptides," could generate an antitumoral 
cellular immune response based on an undirected natural killer 
(NK)-cell activity or on induction of specifically acting cyto- 
toxic T lymphocytes.^^^ We have generated a murine mono- 
clonal anti-idiotypic antibody, named ACA125, which was 
shown to be the internal image of the CA125 antigen/^*^^ 

In a first clinical trial, 45 patients with advanced ovarian can- 
cer and recurrences were treated with the anti-idiotype vaccine 
ACA125. Patients with high amounts of specific anti-anti-idio- 
typic antibodies (Ab3) directed against CA125 have a signifi- 
cant improved survival. This positive correlation between hu- 
moral inununity indicated by the induction of Ab3 and survival 
of cancer patients could also be shown in anti-idiotype vacci- 
nation trials in cases with colorectal cancer^****^*^ and 
melanoma/ '^^ 

In contrast, the description of a specific anti-tumoral cellu- 
lar inunune response seems to be difficult due to a lack of re- 
liable detection methods. We were therefore searching for al- 
ternative parameters to measure the activation of the humoral 
and cellular defense lines in the case of immunization with anti- 
idiotypic antibodies. The type of immune response that devel- 
ops after antigen (or anti-idiotype) priming may be determined 
by the appearance of two CD4"^ T-helper cell phenotypes 
termed Thl and Th2. These Thl and Th2 subsets can be func- 
tionally distinguished by their cytokine profile/*^> Thl cells 
produce IL-2, IFN-y, and lymphotoxins that are involved in 
cell-mediated cytotoxic functions, that is, delayed-type-hyper- 
sensitivity (DTH) response. In contrast, the Th2 subset produces 
IL-4, IL-5, IL-9, IL-10, and IL-13 and promotes antibody pro- 
duction by B cells.**'*-^^) The determination of intracellular Thl 
and Th2 cytokines at the single T-cell level can be used to char- 
acterize indirectely the outcome as well as the kinetics of hu- 
moral and cellular responses to an anti-idiotypic stimulus. 

In the following report we describe the intracellular detec- 
tion of the Thl cytokines IFN-y and the IL-2 and Th2 cytokine 
IL-4 at several time points during the course of immunization 
with the anti-idiotype ACA125 in seven ovarian cancer patients. 



MATERIALS AND METHODS 

Patients 

In the present study 7 patients with advanced ovarian carci- 
noma and recurrences were monitored for IFN-y, IL-2, and IL- 
4 production at the single T-cell level during immunotherapy 
with the anti-idiotypic vaccine ACA125. The treatment sched- 
ule implicates four initial vaccinations with 2 mg alum-precip- 
itated complete anti-idiotypic antibody ACA125 every second 
week followed by immunizations in 4-week intervals.^^^ 

As we wanted to study whether the immunization status in- 
fluences the cytokine response, we selected patients who had 
received a different number of ACA125 applications: patient 
O.K. 3, H.E. 4, A.B. 12, G.L.-R. 13, A. BU. 14, M.PI. 20, and 
M.P, 33 inmiunizations. Three healthy females were taken as 
condrol to exclude normal physiological changes of IFN-y, IL- 
2, and IL-4 production in the group of vaccinated ovarian can- 
cer patients. Additional controls, that is, ACA125-treated 
healthy probands were not included due to ethic considerations. 



Peripheral blood samples (ammonium-heparinat) were taken 
at different timepoints during one course of immunization (Day 
0 = day of immunization; Day 3, 6, 9, 13, 16, and 32 = next 
immunization). 

Antibodies for flow cytometry 

The following MAbs (Becton-Dickinson, Heidelberg, Ger- 
many) were used for intracellular staining of cytokines: anti- 
IFN-y (FITC, 25723.11), anti-IL-4 (PE, 3010.211), and anti- 
IL-2 (FITC, 5344.111). Surface phenotyping of lymphocytes 
was determined by anti-CD3 (FITC, PeiCP, SK7), anti-CD4 
(FITC, PE. SK3), anti-CD8 (FITC, PE, SKI), anti-CD16+56 
(FITC, PE, NCAM 16.2 -I- P3X), anti-CD19 (PE. 4G7), anti- 
HLA-DR (PE, L243), and anti-CD69 (PE, L78; Becton-Dick- 
inson. Heidelberg, Germany). 

Analysis of intracellular cytokines 

Staining of intracellular cytokines was performed as de- 
scribed previously.* Briefly, peripheral blood was diluted 
with RMPI (1:2) and stimulated with PMA (15 ng/mL) and ion- 
omycin (1 /ig/mL) in the presence of the inhibitor of intracel- 
lular transport Brefeldin A (10 fig/niL) for 5 h, at 3TC and 5% 
CO2. Cells were washed with phosphate buffered saline (PBS), 
fixed with 4% paraformaldehyde and permeabilized with 0.1% 
Saponin (an der Grub). After incubation with anti-cytokine an- 
tibodies, cells were washed and surface staining was performed 
with anti-CD3 antibody. T cells were analyzed at the single cell 
level by three-color flow cytometry (FACSCalibur. Becton 
Dickinson) including acquisition of 2000 events in the lym- 
phocyte-gate. 

Detection of early activation markers 
(CD69 expression) 

CD69-expression on lymphocyte subsets was measured in 
peripheral blood samples after stimulation with PMA (15 
ng/mL) and ionomycin (1 /ig/mL) for 5 h, at 37''C and 5% CO2. 
Surface staining and flow cytometric analysis were performed 
as described elsewhere.***^ 

Immunophenotyping of lymphocytes 

The following lymphocyte subsets were determined in ery- 
throcyte-lysed whole blood by flow cytometric analysis as de- 
scribed above: T (CD3"*") lymphocytes, B (CD19) lymphocytes; 
helper T (CD3+CD4^) lymphocytes, cytotoxic T (CD3+CD8+) 
lymphocytes and NK (CD3-CD16'^56-^) lymphocytes. 

Detection of human anti-mouse antibodies (HAMA) 

Human anti-mouse antibodies (HAMA) in sera of patients 
including alio- and isotypic-antibodies were measured using a 
commercial available HAMA-enzyme-linked immunoadsor- 
bent assay (ELISA) (medac, Hamburg, Germany). 

Detection of specific anti-anti-idiotypic 
antibodies (Ab3) 

The induction of anti-anti-idiotypic antibodies (Ab3) in sera 
was measured as described previously.*^^ Briefly, microliter 
plates were coated with anti-idiotype ACA125 F(ab)2 and in- 
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cubated with patients* sera. After addition of the complete 
ACA125, immune complexes were detected by rabbit-anti- 
mouse-IgG-POD-conjugate (Fc-specific, Dianova). 



RESULTS 

The kinetics of humoral and cellular inrmiune responses of 
seven ovarian cancer patients with different cycles of anti-id- 
iotype vaccination were monitored at several timepoints during 
one course of immunization (4 weeks), including one healthy 
female as normal control. Two patients in this study were suf- 
fering from, additional inflammatory diseases during the course 
of immunization, so that intracellular cytokine production could 
not be cleary correlated to anti-idiotype vaccination. 

HAM A and Ab3 response, inmiunophenotyping of lympho- 
cytes, intracellular cytokines (IFN-y, IL-2, IL-4), and early ac- 
tivation markers (CD69) were measured to describe the im- 
munological effects of ACA125 treatment. 

Humoral responses to the murine 
anti-idiotype ACA125 

The development of a HAMA and a specific anti-anti-idio- 
typic immune response induced by immunization with the anti- 
idiotype ACA125 was assessed by testing patients* sera at Day 
0 (day of immunization), 3, 6, 9, 13, 16, and 32 (day of next 
inmiunization). 

A close association between the number of anti-idiotype ap- 
plication and increasing titers of HAMA- and Ab3-antibodies 
could be observed in all seven patients. Patient H.E. showed el- 
evating concentrations of HAMA, including anti-iso-allotypic 
antibodies, and of specific Ab3 against CA125 from Day 0 to 
9 (HAMA: 600 ng/mL; A3: 7325 ng/mL arb. Units), followed 
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P^HAMA -a-Ab3 ^•-IFN-g ~m-\l-2 -A-IL-4(x5) | 

FIG. 1. Humoral and cellular immune responses to the anti- 
idiotypic antibody ACA125 in patient H.E. during one course 
of immunization, HAMA response (ng/mL) and specific anti- 
anti-idiotypic antibodies Ab3 (ng/mL arb. units) were detected 
in patients sera (logarithmic scale). Intracellular cytokines IFN- 
y, IL-2, and IL-4 were detected in lysed whole blood of patient 
H.E. 
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FIG. 2, Humoral and cellular inwnune responses to the anti- 
idiotypic antibody ACA125 in patient M.P. during one course 
of immunization. HAMA response (ng/mL) and specific anti- 
anti-idiotypic anUbodies Ab3 (ng/mL art), units) were detected 
in patients* sera (logarithmic scale). Intracellular cytokines 
IFN-y, IL-2, and IL-4 were detected in lysed whole blood of 
patient M.P. 

by a slight decrease from Day 16 to 32 (Fig. 1). In contrast, pa- 
tient M.P.. who had received much more cycles of inmiuniza- 
tion, developed a steady state of humoral immunity without sig- 
nificant changes of HAMA and Ab3 concentrations (Fig. 2). 
Additionally, HAMA and Ab3 titers were higher in compari- 
son to patient H.E. 

Intracellular cytokines IFN-y, IL-2 and IL-4 

The percentage of intracellular IFN-y, IL-2, and IL-4 pro- 
duction by T lymphocytes were analyzed in peripheral blood 
samples at lime points indicated above. 

There was a remarkable increase of Thl cytokines IFN-y and 
IL-2 detectable from Day 0 to 16 (WH-r 12.7 to 61.2%; IL-2; 
2.0 to 21.0%) in patient H.E. The production of these cytokines 
was reduced until the day of next inununization (Fig. 1). The 
kinetics of Th2-specific cytokine showed a delayed increase of 
IL-4 in comparison to Thl cytokines. The overall amount was 
lower due to a general low IL-4 production. Additionally Thl 
and Th2 cytokine amounts correlates with HAMA and Ab3 con- 
centrations measured in this patient. 

In patient M.P. intracellular Thl and Th2 cytokine produc- 
tion was similar to patient H.E. with a maximum at Day 6 and 
9 (IFN-r 54%; IL-2: 25.7%; IL-4: 6.8%). No correlation be- 
tween Thl/Th2 cytokines and HAMA/Ab3 response could be 
found in this patient. 

Similar kinetics of Thl and Th2 cytokine induction by anti- 
idiotype vaccination could be proven in all patients, but not in 
the healthy controls without anti-idiotype vaccination (IFN-r 
14,3 ± 6.8%;IL-2: 30.4 ± 15.8%;IL-4: 1.0 ± 0.8% of T cells). 

Immunophenotyping of lymphocytes 

Patients lymphocytes were phenotyped according to their 
characteristic surface markers by flow cytometry during the 
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Table 1, Immunophenotyping of Lymphcxtytes from Lysed Whole Blood of 
ACA125-Vaccinated Patients During One Course of Immunization. Mean Values 
AND Ranges (in Dashes) of All Patients at Different Timepoints are Indicated 





Day 0 


Day 3 


Day 6 


Day 9 


Day 16 


Day 24 


D ay 32 


B cells 


9.6 


8.9 


9.1 


8.8 


9.0 


9.1 


8.5 


(CD3-/19+) 


(5.0-16.0) 


(5.0-12.0) 


(5.0-13.0) 


(5.0-12.0) 


(4.0-14.0) 


(4.0-14.0) 


(5.0-17.0) 


% of Lymph 












Tc cells 


33.0 


31 8 


31.6 


32.6 


31.8 


33.4 


35.1 


(CD3+/8+) 


(28.0-39.0) 


(25.0-36.0) 


(26.0-il.O) 


(27.0-^1.0) 


(25.0-38.0) 


(27.044.0) 


(26.0-45.0) 


% of Lymph 












Th cells 


38.8 


38.0 


39.0 


41.6 


41.2 


40.4 


39.2 


(CD3+/4+) 


(29.0-42.0) 


(29.0-43.0) 


(28.0^5.0) 


(27.0-54.0) 


(33.0-45.0) 


(32.044.0) 


(29.0-47.0) 


% of Lymph 










NK cells 


19.2 


18.6 


19-0 


18.2 


20.8 


20.0 


20.2 


(CD3-/16+56+) 


(16.0-22.0) 


(15.0-26.0) 


(16.0-22.0) 


(16.0-21.0) 


(17.0-27.0) 


(16.0-23.0) 


(16.0-29.0) 


% of Lymph 










Monocytes 


6.8 


6.0 


6.3 


6.0 


5.8 


5.9 


6.0 


(CD3-/14+) 


(4.0-10.0) 


(4.0-8.0) 


(4.0-7.0) 


(3.0-8.0) 


(5.0-9.0) 


(5.0-9.0) 


(4.O-9.0) 


% of Leuco 









course of immunization: B cells (CD3-/CD19+), T cells 
(CD3+), activated T cells (CD3+/HLADR+). Th cells 
(CD3+/CD4+), Tc cells (CD3+/CD8+), and NK cells 
(CD3-/CD16+56+). 

There were no significant changes detectable in the individ- 
ual patients' subtype composition in association with ACA125 
application. The mean values are given in Table 1 . 

Early activation markers (CD69-^) expressed by Th, 
Tc, and NK cells 

The CD69 cell surface marker is expressed within 3 days af- 
ter a stimulus and indicates an early state of activation of a spe- 
cific lymphocyte subtype. CD69 expression restricted to 
CD3/CD4+ Th cells, CD3/CD8+ Tc cells, CD3-/CD16+56+ 
NK cells were measured throughout the course of immuniza- 
tion using flow cytometry. Surprisingly, no significant activa- 
tion of Th cells could be detected in all patients and NK cells 
were slightly stimulated over the first 6 days after vaccination 
only in patient M.P. An increase of CD69 expression of cyto- 
toxic T cells from Day 0 to 3 appeared merely in two patients 
(Table 2). Because of the low CD69 expression values, these 
results cannot clearly demonstrate an early activation due to a 
anti-idiotypic stimulus, and could otherwise be interpreted as 
baseline expression. 



DISCUSSION 

The present study was conducted to assess the efficiency of die 
anti-idiotypic MAb ACA125. which functionally imitates the tu- 
mor-associated antigen CA125 to induce antitumoral immune re- 
sponses in patients with advanced ovarian cancer. Whereas the in- 
duction of humoral immunity in patients treated with ACA125 
vaccine could be sufficiently demonstrated by generation of 
HAMA and specific anti-anti-idiotypic antibodies (Ab3) directed 
against CA125.^^* we were searching for new parameters to de- 
scribe and understand activation processes in cellular immunity. 

Thus, seven patients immunized at various cycles of anti-id- 
iotype immunotherapy were monitored for changes in the pro- 
duction of intracellular cytokines IFN-7, IL-2, and IL-4,(**^ 
early activation events (CD69 expression)**^^ and lymphocyte 
subtype composition over a period of 4 weeks. In all patients 
an expansion of cellular and humoral immune responses to the 
anti-idiotypic stimulus could be detected by increasing pro- 
duction of Thl-(IFN-y, IL-2) and Th2-cytokines (IL4). Intra- 
cellular IL-4 production by Th2 cells develops 3 days later in 
the course of immunization, but the IL4 values are lower in 
comparison to IFN-7 and IL-2. Possibly, stimulation with lon- 
omycin/PMA favors Thl cytokine production and is not opti- 
mal for IL-4 production. These findings suggest an initial cel- 
lular inunune response followed by a delayed humoral reaction 



Table 2. Early Activation Markers (CD69+) Expressed on Th, Tc, and NK Cells 
BY ACA125-IMMUN12ED Patients During One Course of Vaccination. Mean Values 
AND Ranges (in Dashes) of All Patients at Different Timepoints are Indicated 





Day 0 


Day 3 


Day 6 


Day 9 


Day 16 


Day 24 


Day 32 


CD4+/CD69+ 


6.8 


7.5 


6.0 


8.9 


6.4 


6.2 


8.9 


% of Th cells 


(1.3-11.0) 


(1.4-9.0) 


(0.7-10.2) 


(1.2-15.4) 


(1.8-11.2) 


(1.4-9.3) 


(1.3-19.6) 


CD8+/CD69+ 


5.1 


6.4 


5.5 


5.7 


34 


2.9 


5.9 


% of Tc cells 


(1.6-8.2) 


(2.6-9.1) 


(1.5-7.6) 


(1.6-9.3) 


(1.3-^.5) 


(0.7-6.2) 


(1.6-9.5) 


CD16+/56+CD56 


8-6 


9.0 


9.4 


104 


84 


8.0 


7.3 


% of NK cells 


(0.6-21.5) 


(0.6-20.8) 


(0.9-24,1) 


(0.9-32.2) 


(0.8-20.9) 


(0.9-24.6) 


(1.4-21.2) 
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mediated by Th2 cells. In nearly all patients the production of 
intracellular cytokines is down-regulated before starting next 
immunization cycle. Based on this observation it can be con- 
cluded that the existing treatment schedule (4 weeks between 
vaccinations) fits with the kinetics of Thl and Th2 immune re- 
sponses. Although it was difficult to find appropriate controls, 
it could be shown that the physiological ranges of IFN-% IL- 
2, and IL-4 production in normal females without vaccination 
was different, so that Thl/Th2 responses in the patients could 
be clearly associated to anti-idiotypic vaccination. 

Additionally, there is a positive correlation between HAMA- 
and anti-anti-idiotypic antibody (Ab3) concentrations and Thl/Th2 
cytokines in patient H.E. who received the fourth inmiunization. 
Otherwise, with increasing cycles of vaccination the patients es- 
tabUsh a steady state of HAMA and Ab3 titers (as shown in pa- 
tient M.P.). The increase of Th2 cytokine IL-4 could be responsi- 
ble to maintain this high level of antitumoral antibody production, 
hnmunophenotyping of patients' lymphocytes shows no signifi- 
cant alterations of the distinct subsets, which could be associated 
with an effect of anti-idiotypic vaccination. Co-stimulatory effects 
of monocytes on cytokine production could be excluded, because 
no changes of the monocyte population could be detected. 

Early activation tendencies in Tc and NK cells as measured by 
CD69 expression could be seen in all patients during the first 6 
days after immunization. Whether these events depend on an anti- 
idiotypic stimulus or represent a baseline CD69 expression, as de- 
tectable in healthy normals,^*^^ due to ongoing stimulation of var- 
ied numbers of T and NK cells, could not be shown. One 
explanation could be the rare frequencies of specific anti-idiotypic 
T-cell clones,^''^ as only these cells should be capable of demon- 
strating activation at an early stage following anti-idiotypic stim- 
ulation. With increasing cycles of immunizations, the specific anti- 
idiotypic T-cell clones should raise in these patients indicated by 
expected higher CD69 expression. Indeed, patient M.P. who re- 
ceived 33 ACA125 vaccinations expresses higher levels of CD69 
markers on Tc, Th, and NK cells compared to patients at the be- 
ginning of immunotherapy (e.g., patient H.E.). Our results show 
that CD69 as well as HLA-DR expression on T cells are not suit- 
able parameters for monitoring immunotherapy with an anti-id- 
iotypic antibody because ACA125 provokes a rather weak (as 
shown by early activation events), but ongoing stimulus through- 
out the cycles of immunization. 

In summary, this preliminary study could clearly prove a 
close relationship between anti-idiotypic vaccination and 
changes in intracellular IL-2, IL-4, and IFN-7 production, thus 
indicating the development of humoral and cellular immunity 
in immunized patients. The kinetics of Thl and Th2 cytokine 
production under immunotherapy with ACA125 could be in- 
terpreted as an initial activation of the cellular branch of im- 
munity followed by humoral immune responses. Whether the 
cellular or the humoral immune response is of predominant im- 
portance for antitumoral immunity remains unclear. 

Our results demonstrate that measurement of Th 1 and Th2 
type cytokine production at the single T-cell level seems to be 
a rather simple and rehable parameter for monitoring im- 
munotherapeutical effects. 
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